Introduction
============

Inflammation has been recognized to play an important role in both the initiation and progression of atherosclerotic diseases, such as coronary artery disease (CAD).[@b1-cmc-suppl.3-2014-007] Several prospective studies[@b2-cmc-suppl.3-2014-007],[@b3-cmc-suppl.3-2014-007] demonstrated that plasma high-sensitivity C-reactive protein (hsCRP) levels, which are some of the markers of systemic inflammation, are powerful predictors of future myocardial infarction (MI) and cardiac death among apparently healthy individuals. The high hsCRP levels were also reported to be associated with an increased risk of further coronary events in patients with CAD.[@b4-cmc-suppl.3-2014-007] We previously reported plasma hsCRP levels to be associated with the presence and extent of coronary stenosis in patients with stable CAD.[@b5-cmc-suppl.3-2014-007] Moreover, we showed that plasma hsCRP levels correlated with the severity of both coronary and aortic atherosclerosis using magnetic resonance imaging (MRI).[@b6-cmc-suppl.3-2014-007]

Low-density lipoprotein (LDL) oxidation plays a key role in the development of atherosclerosis.[@b7-cmc-suppl.3-2014-007] Several enzyme-linked immunosorbent assay (ELISA) methods had been developed to measure oxidatively modified LDL levels in blood.[@b8-cmc-suppl.3-2014-007],[@b9-cmc-suppl.3-2014-007] Elevated levels of malondialdehyde-modified LDL (MDA-LDL), an oxidized LDL, have been reported in patients with CAD, especially in those with MI.[@b8-cmc-suppl.3-2014-007],[@b9-cmc-suppl.3-2014-007]

The intake of dietary antioxidants such as polyphenols is a potential therapy to prevent LDL oxidation and atherosclerosis progression. Polyphenols are mainly found in fruits, vegetables, and beverages. In Japan, green tea, which is very rich in catechins, is the most popular beverage and the major source of polyphenol intake (\>80% of polyphenol intake).[@b10-cmc-suppl.3-2014-007],[@b11-cmc-suppl.3-2014-007] We previously reported that the daily consumption of green tea decreased serum MDA-LDL concentrations in 22 healthy Japanese male volunteers.[@b12-cmc-suppl.3-2014-007] Using animal models, green tea was also shown to have anti-inflammatory effect in addition to the inhibitory effect against LDL oxidation.[@b13-cmc-suppl.3-2014-007]--[@b15-cmc-suppl.3-2014-007] However, anti-inflammatory effect of green tea has not yet been elucidated *in vivo*. Moreover, we previously reported that green tea consumption was inversely associated with MI in 393 Japanese patients undergoing coronary angiography.[@b16-cmc-suppl.3-2014-007] The present study extends our previous two reports[@b12-cmc-suppl.3-2014-007],[@b16-cmc-suppl.3-2014-007] by demonstrating the changes in plasma inflammatory markers by green tea consumption in 22 healthy volunteers and by increasing the number of study patients (from 393 to 725 patients) who underwent coronary angiography to elucidate the association between antioxidant beverages and CAD.

Methods
=======

Study design and subjects
-------------------------

The study design was reported previously.[@b12-cmc-suppl.3-2014-007] Briefly, the study consisted of a one-week run-in period, a two-week water intake period, and then a subsequent two-week green tea intake period with 22 healthy Japanese male volunteers. Over the course of the study, we asked all study subjects to maintain their regular dietary habits but not to consume any kind of tea, wine, citrus liquor, or vitamin supplements. After the run-in period, all subjects consumed seven cups/day of water for two weeks (water period) and then consumed seven cups/day of green tea for the next two weeks (green tea period). During the water or green tea periods, they drank four cups (breakfast and lunch, two cups each) and three cups (dinner) of water or green tea after each meal (a total of seven cups/day comprising 700 mL). The green tea used in our study was a commercially available freeze-dried tea, sarasara ryokucha (Itoen Co.), which is on sale for drinking in Japan. One stick (0.9 g) of the freeze-dried tea can be dissolved in 100 mL of hot water and then be drunk as one cup of green tea. As a result, seven cups of green tea contain 542.5 mg of catechins. At the end of each period, subjects fasted overnight and blood samples were taken at 9:00 am on the next morning. Plasma hsCRP concentrations were measured using a BN II nephelometer (Dade Behring), and plasma interleukin (IL)-6 concentrations were measured by ELISA with a human IL-6 immunoassay kit (BioSource International). Plasma LDL-cholesterol concentrations were measured by the direct enzymatic method with a commercially available kit (Cholestest LDL, Daiichi Pure Chemicals), and serum MDA-LDL concentrations were measured by ELISA, as reported previously.[@b12-cmc-suppl.3-2014-007],[@b17-cmc-suppl.3-2014-007] Plasma epigallocatechin gallate (EGCg), gallocatechin gallate (GCg), and epicatechin gallate (ECg) concentrations were measured by the high-performance liquid chromatography with electrochemical detection.[@b12-cmc-suppl.3-2014-007] Total catechins concentration was defined as the sum of EGCg, GCg, and ECg values.

Study patients
--------------

The study protocol was reported previously.[@b16-cmc-suppl.3-2014-007] We investigated the intake of green tea, other beverages, and antioxidant foods in 725 consecutive Japanese patients who underwent coronary angiography for suspected CAD at the National Defense Medical College Hospital. CAD was defined as at least one coronary artery having \>50% luminal diameter stenosis on angiograms. MI was confirmed by the documentation of coronary artery stenosis plus either elevation of cardiac enzymes or diagnostic electrocardiogram changes. The results were compared with clinical and angiographic data. After admission, the intakes of antioxidant beverages and foods were evaluated by questionnaires. Regarding antioxidant beverages, questions regarding the intakes of green tea, coffee, black tea, cocoa, and wine were asked, and each was determined by three categories (\<1 cup/day, 1--3 cups/day, and \>3 cups/day). Antioxidant foods common in Japan were divided into three groups (soybeans products, green/yellow vegetables, and fruits). The intakes of these antioxidant foods were determined by three categories (\<3 times/week, 3--4 times/week, and \>4 times/week).

Our two studies were approved by the Institutional Ethics Committee of the National Defense Medical College Hospital. Our studies complied with the principles of the Declaration of Helsinki. All study subjects and patients provided informed consent prior to participating in the studies.

Statistical analysis
--------------------

Regarding the data of 22 healthy volunteers, to test whether or not the distributions of variables are deviating from a normal distribution, the *F*-test was applied to measure variables. Since plasma hsCRP, IL-6, and catechin concentrations were considered as non-parametric variables, these results are expressed as the median value, and any differences in these variables among the three periods were evaluated by the Friedman's test. For parametric variables, results are expressed as the mean value ± SD, and any differences among the three periods were evaluated by repeated-measures ANOVA. A Bonferroni adjustment (0.05/3) was undertaken because the three periods were compared. A *P* value of \<0.05 was considered statistically significant.

Regarding the data in 725 patients undergoing coronary angiography, any differences between two groups were evaluated by the unpaired *t*-test for continuous variables and by the chi-square test for categorical variables. Any differences among three groups were evaluated by ANOVA with Scheffe's test for continuous variables and by the chi-square test for categorical variables. A forward stepwise multiple logistic regression analysis was used to elucidate the associations between green tea intake and CAD or MI. A *P* value of \<0.05 was considered statistically significant.

Results
=======

Green tea intake and inflammatory markers
-----------------------------------------

Of the 22 study subjects, 20 had been in the habit of drinking green tea before the study. As reported previously,[@b12-cmc-suppl.3-2014-007] plasma total catechin concentrations significantly decreased at the end of the water period and then increased at the end of the green tea period ([Table 1](#t1-cmc-suppl.3-2014-007){ref-type="table"}). Although there was no change in LDL-cholesterol concentrations, serum MDA-LDL concentrations (84 ± 45 vs. 76 ± 40 IU/L, *P* \< 0.05) and the MDA-LDL/LDL--cholesterol ratio (0.74 ± 0.21 vs. 0.65 ± 0.20, *P* \< 0.02) significantly decreased at the end of the green tea period. Regarding inflammatory markers, plasma hsCRP and IL-6 concentrations tended to decrease at the end of the green tea period (0.28 vs. 0.19 mg/L and 0.18 vs. 0.15 ng/L, respectively) ([Table 1](#t1-cmc-suppl.3-2014-007){ref-type="table"}). However, these changes did not reach statistical significance in either inflammatory marker.

Green tea intake and CAD
------------------------

Of the 725 study patients, 517 (71%) were found to have CAD on coronary angiograms, of whom 225 (43%) had MI. Clinical characteristics of study patients are shown in [Table 2](#t2-cmc-suppl.3-2014-007){ref-type="table"}. Compared with patients without CAD, CAD patients with and without MI were predominantly male and had lower HDL-cholesterol levels and higher rates of diabetes mellitus and smoking. With regard to the intake of antioxidant foods, there were no significant differences between patients without CAD and CAD patients with or without MI ([Table 3](#t3-cmc-suppl.3-2014-007){ref-type="table"}). However, the percentages of patients with \<3 times/week intake of soybeans and fruits were significantly higher in CAD patients with MI than in those without MI (38% and 41% vs. 26% and 32%, *P* \< 0.05). With regard to the intake of antioxidant beverages, there were no significant differences between patients without CAD and CAD patients without MI. Notably, the percentage of patients drinking \<1 cup/day of green tea (green tea nondrinkers) was significantly higher in CAD patients with MI than in those without MI and in patients without CAD (29% vs. 15% and 18%, *P* \< 0.01). The multivariate analysis revealed that green tea intake of \<1 cup/day and soybeans intake of \<3 times/week were significant factors associated with MI, independent of traditional risk factors and the intakes of other antioxidant foods and beverages ([Table 4](#t4-cmc-suppl.3-2014-007){ref-type="table"}). The odds ratio for MI was 1.76 (95% confidence interval (CI) = 1.20--2.58) for green tea intake \<1 cup/day and 1.43 (95% CI = 1.02--2.02) for soybeans intake \<3 times/week.

Discussion
==========

As shown in our previous report,[@b12-cmc-suppl.3-2014-007] plasma catechin concentrations significantly increased with green tea consumption (seven cups/day). Although there was no change in plasma LDL-cholesterol concentrations, green tea consumption significantly decreased serum MDA-LDL concentrations and the ratio of MDL-LDL/LDL-cholesterol, thus suggesting that green tea has an inhibitory effect against LDL oxidation *in vivo*. In addition to the inhibitory effect against LDL oxidation, several studies reported that green tea, which is very rich in catechins, has anti-inflammatory effect in animal models.[@b13-cmc-suppl.3-2014-007]--[@b15-cmc-suppl.3-2014-007] Li et al.[@b18-cmc-suppl.3-2014-007] showed that EGCg inhibited angiotensin II- and IL-6-stimulated CRP expression in macrophages by interfering with reactive oxygen species generation. In the present study, we investigated the changes in plasma hsCRP and IL-6 concentrations after two weeks of green tea consumption. The daily consumption of green tea (seven cups/day) tended to decrease these inflammatory markers, but the differences did not reach statistical significance. Therefore, the protective effect of green tea against atherosclerosis is more likely to be because of the inhibitory effect of LDL oxidation than because of anti-inflammatory effect.

We previously reported that green tea consumption was inversely associated with MI in 393 Japanese patients undergoing coronary angiography.[@b16-cmc-suppl.3-2014-007] The present study extended our previous report by increasing the number of study patients (from 393 to 725 patients) to elucidate the associations between antioxidant beverages and foods, and CAD. In line with our previous report,[@b16-cmc-suppl.3-2014-007] we confirmed that green tea consumption was inversely associated with MI in 725 patients. A recent meta-analysis including our data from 393 patients indicated that routine green tea consumption was significantly associated with a decreased risk (17%) of CAD.[@b19-cmc-suppl.3-2014-007] In hypercholesterolemic rabbits, green tea ingestion was reported to reduce aortic atherosclerosis, whereas the ingestion of black tea or vitamin E did not, suggesting the stronger anti-atherogenic effect of green tea than those of black tea or vitamin E.[@b20-cmc-suppl.3-2014-007] In our present study, the consumption of soybeans products was also associated with MI, but this association showed only borderline significance. Therefore, our results suggest that green tea consumption is more likely to play a major role in the prevention of CAD, especially MI, in Japanese patients than other antioxidant beverages and foods.

Our study has some limitations. First, one of our study limitations is the small number of study subjects (22 healthy subjects). Moreover, our study had no control group without green tea period, and our study was a sequential but not crossover design, thereby making it impossible to separate period effects from treatment effects. To clarify the results of our study, a further study should be done using a crossover design in a larger number of study subjects. Regarding the association between green tea consumption and CAD, our study is cross-sectional. Such a study cannot establish causality. It only shows some association and is hypothesis generating. Therefore, a prospective study is required to elucidate the preventative effect of green tea on CAD and MI.

Conclusion
==========

Green tea consumption was found to be inversely associated with MI in Japanese patients. Green tea consumption significantly decreased serum oxidized LDL concentrations, but green tea consumption tended to decrease inflammatory markers; thus, suggesting the protective effect of green tea against atherosclerosis is more likely to be because of the inhibitory effect of LDL oxidation than because of anti-inflammatory effect.
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###### 

Plasma catechins, hsCRP, and IL-6 concentrations at the end of each period in 22 healthy subjects.

                             RUN-IN        WATER                                                       GREEN TEA
  -------------------------- ------------- ----------------------------------------------------------- -----------------------------------------------------------------
  Total catechins (nmol/L)   17.6          12.6[\*](#tfn2-cmc-suppl.3-2014-007){ref-type="table-fn"}   42.0[\*\*](#tfn3-cmc-suppl.3-2014-007){ref-type="table-fn"}
   EGCg (nmol/L)             8.0           4.8[\*](#tfn2-cmc-suppl.3-2014-007){ref-type="table-fn"}    21.2[\*\*](#tfn3-cmc-suppl.3-2014-007){ref-type="table-fn"}
   GCg (nmol/L)              7.0           7.0                                                         8.6
   ECg (nmol/L)              2.5           1.6                                                         7\. 6[†](#tfn4-cmc-suppl.3-2014-007){ref-type="table-fn"}
  LDL-cholesterol (mg/dL)    113 ± 32      110 ± 33                                                    113 ± 28
  MDA-LDL (IU/L)             81 ± 38       84 ± 45                                                     76 ± 40[\#](#tfn5-cmc-suppl.3-2014-007){ref-type="table-fn"}
  MDA-LDL/LDL-cholesterol    0.69 ± 0.18   0.74 ± 0.21                                                 0.65 ± 0.20[†](#tfn4-cmc-suppl.3-2014-007){ref-type="table-fn"}
  hsCRP (mg/L)               0.21          0.28                                                        0.19
  IL-6 (ng/L)                0.16          0.18                                                        0.15

**Notes:** Data are presented as the median value (*n* = 22) except for LDL-cholesterol and MDA-LDL concentrations, and MDA-LDL/LDL-cholesterol ratio that are presented as the mean value ± SD.

*P* \< 0.05 vs. the run-in period

*P* \< 0.001

*P* \< 0.02

*P* \< 0.05 vs. the water period. Total catechins concentration was defined as the sum of EGCg, GCg, and ECg values.

###### 

Clinical characteristics in patients with and without CAD.

  --------------------------------------------------------------------------------------------------------------------
                        CAD(−)\     CAD(−) VS. MI(−)\   MI(−)\      MI(−) VS. MI(+)\   MI(+)\      MI(+) VS. CAD(−)\
                        (N = 208)   *P* VALUE           (N = 292)   *P* VALUE          (N = 225)   *P* VALUE
  --------------------- ----------- ------------------- ----------- ------------------ ----------- -------------------
  Age (years)           61 ± 10     \<0.001             65 ± 9      \<0.02             63 ± 10     NS

  Male                  132 (63%)   \<0.001             230 (79%)   \<0.05             195 (87%)   \<0.001

  Hypertension          114 (55%)   \<0.005             203 (70%)   \<0.05             133 (59%)   NS

   Systolic BP (mmHg)   130 ± 17    \<0.001             136 ± 19    \<0.002            130 ± 21    NS

  Hyperlipidemia        71 (34%)    \<0.001             161 (55%)   \<0.01             94 (42%)    NS

   TC (mg/dL)           204 ± 35    NS                  202 ± 34    \<0.01             194 ± 36    \<0.005

   HDL-C (mg/dL)        57 ± 16     \<0.001             50 ± 15     \<0.05             47 ± 13     \<0.001

  Diabetes mellitus     33 (15%)    \<0.001             101 (35%)   NS                 66 (29%)    \<0.005

  Cigarettes smokers    75 (36%)    \<0.05              135 (46%)   \<0.05             125 (56%)   \<0.001
  --------------------------------------------------------------------------------------------------------------------

**Notes:** Hypertension was defined as \>140/90 mmHg or on drugs. Hyperlipidemia was defined as TC \>240 mg/dL or on drugs.

**Abbreviations:** NS, not significant; BP, blood pressure; TC, total cholesterol; HDL-C, high density lipoprotein-cholesterol.

###### 

Intakes of antioxidant beverages and foods in patients with and without CAD.

  --------------------------------------------------------------------------------------------------------------------------------
                              CAD(−)\     *CAD(−) VS. MI(−)*\   MI(−)\      *MI(−) VS. MI(+)*\   MI(*+*)\    *MI(+) VS. CAD(−)*\
                              (N = 208)   *P VALUE*             (N = 292)   *P VALUE*            (N = 225)   *P VALUE*
  --------------------------- ----------- --------------------- ----------- -------------------- ----------- ---------------------
  **Antioxidant beverages**                                                                                  

   Green tea (cups/d)                                                                                        

    \<1                       37 (18%)    *NS*                  45 (15%)    *\<0.001*            66 (29%)    *\<0.01*

    1--3                      100 (48%)   *NS*                  140 (48%)   *\<0.05*             87 (39%)    *NS*

    \>3                       71 (34%)    *NS*                  107 (37%)   *NS*                 72 (32%)    *NS*

   Coffee (cups/d)                                                                                           

    \<1                       115 (56%)   *NS*                  157 (54%)   *NS*                 107 (48%)   *NS*

    1--3                      75 (36%)    *NS*                  112 (38%)   *NS*                 90 (40%)    *NS*

    \>3                       17 (8%)     *NS*                  23 (8%)     *NS*                 28 (12%)    *NS*

   Black tea (cups/d)                                                                                        

    \<1                       183 (88%)   *NS*                  263 (90%)   *NS*                 207 (92%)   *NS*

    1--3                      23 (11%)    *NS*                  28 (10%)    *NS*                 18 (8%)     *NS*

    \>3                       1 (1%)      *NS*                  1 (0%)      *NS*                 0 (0%)      *NS*

   Cocoa (cups/d)                                                                                            

    \<1                       201 (98%)   *NS*                  279 (96%)   *NS*                 220 (98%)   *NS*

    1--3                      5 (2%)      *NS*                  13 (4%)     *NS*                 4 (2%)      *NS*

   Wine (glasses/d)                                                                                          

    \<1                       202 (97%)   *NS*                  286 (98%)   *NS*                 214 (95%)   *NS*

    1--3                      6 (3%)      *NS*                  6 (2%)      *NS*                 11 (5%)     *NS*

  **Antioxidant foods**                                                                                      

   Soybeans (times/wk)                                                                                       

    \<3                       62 (30%)    *NS*                  77 (26%)    *\<0.01*             85 (38%)    *NS*

    3--4                      69 (33%)    *NS*                  115 (39%)   *NS*                 73 (32%)    *NS*

    \>4                       77 (37%)    *NS*                  100 (34%)   *NS*                 67 (30%)    *NS*

   Vegetables (times/wk)                                                                                     

    \<3                       37 (18%)    *NS*                  41 (14%)    *NS*                 44 (20%)    *NS*

    3--4                      37 (18%)    *NS*                  68 (23%)    *NS*                 53 (24%)    *NS*

    \>4                       133 (64%)   *NS*                  183 (63%)   *NS*                 128 (57%)   *NS*

   Fruits (times/wk)                                                                                         

    \<3                       70 (34%)    *NS*                  92 (32%)    \<*0.05*             93 (41%)    *NS*

    3--4                      38 (18%)    *NS*                  61 (21%)    *NS*                 38 (17%)    *NS*

    \>4                       100 (48%)   *NS*                  138 (47%)   *NS*                 94 (42%)    *NS*
  --------------------------------------------------------------------------------------------------------------------------------

**Abbreviation:** NS, not significant.

###### 

Factors associated with MI (multiple logistic regression analysis in 725 patients).

  VARIABLES                         ODDS RATIO   (95% CI)       *P VALUE*
  --------------------------------- ------------ -------------- -----------
  Gender (male)                     1.82         (1.18--2.81)   *\<0.01*
  HDL-cholesterol (mg/dL)           0.98         (0.97--0.99)   *\<0.002*
  Soybean intake (\<3 times/week)   1.43         (1.02--2.02)   *\<0.05*
  Green tea intake (\<1 cup/day)    1.76         (1.20--2.58)   *\<0.005*

**Notes:** The dependent variable was MI. The analysis included age, gender, hypertension, hyperlipidemia, HDL-cholesterol, diabetes mellitus, smoking, and the intakes of green tea, soybeans, vegetables, and fruits.
